As the circuit pattern of semiconductor devices becomes smaller, strict control of the lithography process becomes increasingly important. Lithography processes are currently monitored by critical dimension (CD) measurement of various length and widths of the circuit pattern, typically by scanning electron microscopy (SEM). However, at design rules of 0.18 µm and smaller, slight changes in the cross-sectional profiles of the photoresist, such as pattern edge dullness, can also significantly affect device yield. Information on such critical cross-sectional dimensions cannot be obtained by conventional top-down SEM analysis, but would be invaluable for tuning the exposure dose and focus position of the stepper or scanner in the photolithography process, which are the two primary process parameters that require strict control in order to ensure that the photoresist has the desired profile. Herein is presented a method for estimating crosssectional dimensions from top-down SEM images obtained in conventional CD-SEM. This approach allows the throughput to be maintained at a level similar to that for conventional CD measurement.
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A preliminary simulation of the variation in the cross-sectional dimensions of the photoresist with changes in the dose and focal conditions of photolithography was performed using the optical lithography simulation package Solid-C and the electron signal simulation package Metrologia. As shown in Figure 1 , the simulations suggest that the line width increases with decreasing exposure dose, while the convexity of the sidewall and top roundness increase as the focus position moves toward the negative side.
Based on the simulation results, the top-down images were examined in order to identify parameters that may provide information on the line width and sidewall shape section width. It was found that both dimensions can be measured from the detected signal waveform by peak detection coupled with a threshold algorithm. The line width and sidewall section width are thus extracted from the isolated line pattern and the line and space (L&S) pattern. Dose and focus are estimated by fitting one set of these image features to model data based on the maximum likelihood estimation method. The model is comprised of image feature values as a function of dose and focus, and is created by imaging multiple photoresist patterns on a focus-exposure matrix (FEM) wafer wherein each chip is prepared under different dose and focus conditions. As shown in Figure 2 , the individual image feature forms a feasible region in the dose-focus space.
The effectiveness of the proposed method was verified by application to an FEM wafer with KrF photoresist. A total of 5 sets of image features were obtained for the FEM wafer, 4 of which were used to construct the model and the remaining set was used as a test sample. The measured patterns consisted of an isolated line pattern with width of 200 nm and pitch of 300 nm, and an L&S pattern with pattern width of 150 nm. As shown in Figure 3 , the maximum errors in dose and focus estimation were 1.0 mJ/cm 2 and 80 nm. It is considered that the estimation accuracy should be improved for ArF photoresist. However, these results thus confirm that the proposed method is effective for process control of photolithography in semiconductor fabrication. Furthermore, the monitoring method as described here can be implemented with no influence on throughput of existing monitoring instrumentation. The cross-sectional dimensions of the photoresist in the photolithography process are estimated from top-down scanning electron micrographs for improved control of photolithography conditions. As semiconductor design rules shrink, strict process control is becoming increasingly important. Two primary process parameters in the photolithography process, exposure dose and focus position, require strict control in order to achieve the desired photoresist profile. The relationship between the photoresist profile and changes in these two parameters of photolithography is determined by simulation, and features suitable for estimation of the photoresist profile are identified in conventional images obtained for critical dimension monitoring. Experimental results demonstrate that process parameters can be estimated to within error of 1.0 mJ/cm 2 for exposure dose and 80 nm for focus position, making the proposed method suitable for photolithography process control.
キーワード：画像計測，パラメータ推定，半導体製造プロセス，露光プロセス
Keywords：visual measurement, parameter estimation, semiconductor fabrication process, lithography process 表 2 実験に用いた FEM ウェハの概略仕様 
